Abstract. Intermolecular potential energy surface for an interaction of drug with Na has been examined using HF level of theory with 6-31G* basis set. The name of drug is meso-tetrakis (p-sulphonatophenyl) porphyrin (here after abbreviated to TSPP) . The numbers of Na + have a significant effect on the calculated potential energy curve (including position, depth, and width of the potential well). Counterpoise (CP) correction has been used to show the extent of the basis set superposition error (BSSE) on the potential energy curves obtained for TSPPNa. The second virial coefficients are calculated by these data.
Introduction
A way to obtain an intermolecular potential is made available by quantum chemistry. Using quantum chemical methods, detailed information about the interaction energy over a wide area of the potential surface can be derived.
A number of package codes, such as MOLPRO [1] , CO-LUMBUS [2] [3] [4] are available. Unfortunately, these powerful tools do not currently solve all of the problems [5] .
However, apart from the simplest systems, one has to use some level of approximation in quantum chemical calculations.
In quantum chemistry, the computation of the energy and wavefunction of an average-size molecule is a formidable task that is alleviated by the Born-Oppenheimer (BO) approximation, named after Max Born and J. Robert Oppenheimer. For instance the benzene molecule consists of 12 nuclei and 42 electrons. The time independent Schrödinger equation, which must be solved to obtain the energy and molecular wavefunction of this molecule, is a partial differential eigenvalue equation in 162 variables -the spatial coordinates of the electrons and the nuclei. The BO approximation makes it possible to compute the wavefunction in two less complicated consecutive steps. This approximation was proposed in 1927, in the early period of quantum mechanics, by Born and Oppenheimer and is still indispensable in quantum chemistry.
Potential energy surfaces may be determined by ab initio electronic structure calculations. If one makes the Born-Oppenheimer approximation, the molecular wave function is written as:
Where ψ e is the electronic wave function, which depends on the electron coordinates r and nuclear coordinates R, and ψ n is the nuclear wave function.
With the Born-Oppenheimer separation, each electronic state of the chemical reactive system has a potential energy surface. Knowledge of the ion-ion interaction potential is a key ingredient in the analysis of nuclear reactions. By using the potential between nuclei, we can estimate the cross sections of different nuclear reactions. The ion-ion interaction potential related to the Coulomb repulsion force and the nuclear attraction force has, as a rule, the barrier and the capture potential well near a touching point. The Coulomb part of the ion-ion potential is well-known. In contrast, the nuclear part of the nucleus-nucleus potential is less defined.
This paper reports a study on interaction of TSPP (Scheme 1) with one, two, three and four Na + respectively. Porphyrines represent an interesting family of compounds used now for the photodynamic therapy (PDT) of malignant tumors [6] . Porphyrines have attracted large attention because of their role in the human body, ability to accumulate in many kinds of cancer cells, as well as magnetic and optical properties. These features make them useful in cancer medicine and photodynamic therapy [7] . Porphyrins and metalloporphyrins provide a relatively unexplored class of compounds because of their large size, ease of synthesis, bioactivity, excellent thermal stability and the diversity of their coordination and catalytic chemistry. Furthermore, porphyrins provide an extremely versatile platform on which to build desired peripheral functionality with designed orientations. Functionalization of the porphyrin macro cycle has always received much attention, and considerable progress has been made over the past decades [8] [9] [10] [11] .
Theoretical back ground and computational method
Initially, structure of TSPP was fully optimized with the HF method and 6-31G* basis set in order to locate the stationary points on the potential surface. Our calculations were performed by using the program package Gaussian 98 [2] .The interaction energy for each minimum was calculated by using the supermolecule method.
In ab initio calculations the basis set superposition error (BSSE) is of paramount importance. This error can be eliminated to some extent by using the counterpoise method (CP). In this method both the physicochemical compound A -B and the A and B components at r = ∞ are calculated by using the full basis set for the A -B, hence
Where
This study has been carried out just in vacuum because of limitation in software and computers which we have. We tried to make constant the angle and position between the average plan of TSPP and the vector TSPP-Na for 4 sides which Na approached.
Ab initio calculation of the interaction energy in the system
Using quantum chemical methods, detailed information about the interaction energy over a wide area of the potential surface can be derived. This approach can be used to extract detailed information of the potential energy surface, which is sometimes difficult or practically impossible by other methods. The basis set superposition error has a significant effect on the calculated interaction potential and therefore it should be corrected for [13] .
The significant of the BSSE on the intermolecular interaction has been highlighted in a number of papers. The various points on the ab initio potential energy surface were used to obtain a fit to the Lennard-Jones and Morse and Morse modified potential energy function.
Virial Coefficients
The second virial coefficient as a pure two body interaction property has been calculated to give a first simple test of the quality of intermolecular interaction potential.
Assuming the known form for U(r), the hard sphere approximation leads to the following expression for the estimation of second virial coefficient [14, 15] :
where N A is Avogadros number, κ is the Boltzmann constant, T is the temperature. It was though for many years that the values for the second virial coefficient do not depend on the shape of the curve U(r) for the energy interaction but only on the integral that correspond to the area restricted by this curve.
Results and Discussion
We calculated the intermolecular interaction energies of the TSPP with one, two, three and four Na + respectively. The intermolecular potential energy interaction obtained at HF level of theory with the basis set 6-31G* that plotted in figure 1 as function of R; the distance between TSPP and Na. Calculated potential energy curves, including position, depth and width of potential well were shown in Fig. 1 . The calculated potential energy surface can be compared based on the values of the position of the minimum point (r e ) of the potential curves. As is evident from this table, these quantities are very sensitive to the number of metal used in the computations. In ab initio calculations the basis set superposition error is of paramount importance. BSSE corrected TSPP-Na intermolecular potential energy curves corresponding to those calculated, are plotted against r in figure 1. In this figure the values of U (calculated by Gaussian) and U M (calculated by Morse modified function are fitted by Excel) are shown.
Most of the popular approximation such as, for instance, the Lennard-Jones potential and the exp-6 potential and Kihara potential yielded unsatisfactory results. Finally, we have chosen the six-parameter generalized Morse modified function [16] . 
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De, β, Re are positive and usually chosen to fit the bond dissociation energy, the harmonic vibration frequency and the equilibrium bond length. β = β e + A(r -r e ) + B(r -r e ) 2 + C(r -r e ) 3 (6) D e , β e , r e and A, B, C parameters are fitted in the approximation procedure. The results of search are shown in table 1. Table 3 . r, U Gaussian , U Morse for second Na & porphyrine interaction. Table 4 . r, U Gaussian , U Morse for third Na & porphyrine interaction. Table 5 . r, U Gaussian , U Morse for fourth Na & porphyrine interaction. 
Conclusion
After study of the interaction of drug with Na using HartreeFock method, it has been seen that the numbers of Na + Cations have a important effect on the theoretical calculated potential energy curve. Also, Counterpoise (CP) correction has been calculated to investigate the extent of the basis set superposition error on the potential energy curves obtained for TSPP-Na and the second Virial coefficients are calculated by these data.
The values of U (calculated by Gaussian program) and UM (calculated by Morse modified function) and r are shown in tables 2, 3, 4, 5.
The second virial coefficient as a pure two body interaction property has been calculated to give a first simple test of the quality of intermolecular interaction potential. The values of them are listed in tables 6, 7, 8, 9 and calculated results with using MATLAB and MAPLE software are plotted in figure 2 . 
